DNA typing techniques are now frequently used for epidemiological investigations of many infectious diseases. The insertion sequence (IS) IS6110 is accepted as an excellent tool for the identification of restriction fragment length polymorphisms (RFLPs) in Mycobacterium tuberculosis strains and is used in epidemiological studies worldwide (31). RFLP analysis with IS6110 has been used to define disease outbreaks and to trace the spread of multidrug-resistant strains of M. tuberculosis (2, 7, 16, 21, 34, 37) . Other repetitive elements such as the direct repeat (DR) (13) and the GC-rich repetitive sequence (PGRS) (8, 25) now appear to be finding acceptance for use in the characterization of M. tuberculosis strains (10, 30, 33, 38) .
DNA typing techniques are now frequently used for epidemiological investigations of many infectious diseases. The insertion sequence (IS) IS6110 is accepted as an excellent tool for the identification of restriction fragment length polymorphisms (RFLPs) in Mycobacterium tuberculosis strains and is used in epidemiological studies worldwide (31) . RFLP analysis with IS6110 has been used to define disease outbreaks and to trace the spread of multidrug-resistant strains of M. tuberculosis (2, 7, 16, 21, 34, 37) . Other repetitive elements such as the direct repeat (DR) (13) and the GC-rich repetitive sequence (PGRS) (8, 25) now appear to be finding acceptance for use in the characterization of M. tuberculosis strains (10, 30, 33, 38) .
Some of these methods have been applied to the typing of Mycobacterium bovis. In a previous study (6) , a plasmid containing PGRS (pTBN12) was found to be more useful as a probe in RFLP analysis than the left-hand side (LHS) of the PvuII fragment in IS6110 (IS6110-L) in differentiating between Australian M. bovis isolates. However, a similar study found that pTBN12 was only marginally better than the entire IS6110 probe in the identification of polymorphisms in 109 isolates from cattle in Northern Ireland (27) . Some workers have suggested that DNA fingerprinting with a sequence to the righthand side (RHS) of the PvuII site of IS6110 (IS6110-R) as a probe may be useful in the study of M. bovis, but this appears to be confined to cases in which M. bovis isolates harbor multiple copies of IS6110 (12, 15) . For example, in a study of 153 M. bovis isolates, van Soolingen et al. (32) reported the occurrence of strains of M. bovis with multiple copies of IS6110 in association with zoo and exotic animals, whereas M. bovis strains isolated from cattle in The Netherlands and Argentina generally harbored only a single copy of IS6110, usually carried in a characteristic 1.9-kb PvuII restriction fragment. When a small number of strains of M. bovis with single copies of IS6110 were analyzed by using the DR probe and pTBN12, further differentiation was achieved. In a comparison of RFLP techniques with IS6110, DR, and PGRS conducted with 85 M. bovis isolates from Argentina, DR and PGRS were recommended as the probes of choice for use in RFLP analysis (24) . A comparison of the results of RFLP analyses with IS6110 and DR with 79 isolates of M. bovis from Texas and Mexico indicated that DR was a more sensitive probe than IS6110. Another comparison of the results of RFLP analyses with the entire IS6110, DR, and PGRS probes with 210 isolates of M. bovis, mostly from Northern Ireland, indicated that the effectiveness of RFLP analysis with each of these probes was almost the same, but when the results of RFLP analyses with all probes were used, the number of strains that were differentiated was almost doubled (28) .
An innovative PCR-based typing method for the differentiation of M. tuberculosis strains has been reported recently (11) . This method, termed spacer oligonucleotide typing (spoligotyping), relies on the in vitro amplification of DNA across the unique, highly polymorphic DR locus present in the M. tuberculosis complex chromosome. This region contains multiple short 36-bp DRs, and nonrepetitive spacers, which are 35 to 41 bp in length, are interspersed between the DRs. The PCR product from individual isolates is allowed to hybridize to 37 spacers identified in M. tuberculosis H37Rv and 6 spacers identified in M. bovis BCG P3 (14) . Following hybridization and detection, the spacers that are common to the isolate being tested and the standard set of spacer oligonucleotides can be identified. Only one report on the use of spoligotyping compared with the use of RFLP analysis with IS6110 for the differentiation of M. bovis isolates has been published (1).
This study was undertaken to comprehensively compare the usefulness of the three most commonly used RFLP techniques (RFLP analyses with IS6110-R, DR, and PGRS) and the new spoligotyping method for the differentiation of M. bovis isolates from Australian sources. In addition, isolates from other countries were included to determine whether a geographic difference could be identified by any of the markers. The usefulness of these techniques in epidemiological studies of bovine tuberculosis in Australia and overseas was demonstrated.
MATERIALS AND METHODS
Source of M. bovis isolates. Two hundred seventy-three M. bovis isolates were tested. Two hundred eleven animal isolates originated in Australia from the following states: Western Australia (n ϭ 121), the Northern Territory (n ϭ 46), Queensland (n ϭ 35), Victoria (n ϭ 8), and New South Wales (n ϭ 1). The Western Australian isolates came from the agricultural area (n ϭ 30), the northern pastoral area (n ϭ 21), the Broome area (n ϭ 5), the West Kimberley area (n ϭ 57), and the East Kimberley area (n ϭ 8). Sixty-one isolates of M. bovis obtained from overseas sources for comparison originated from Canada (n ϭ 33), Iran (n ϭ 10), the Republic of Ireland (n ϭ 14), the United Kingdom (n ϭ 3), and New Zealand (n ϭ 1). In addition, the reference strain of M. bovis (strain AN5) was included.
Good epidemiological information was provided for 32 animal isolates and a single human isolate from Canada (4). The 33 Canadian isolates originated from 4 outbreaks (outbreaks A to D) involving 15 premises, 10 different animal species, and 1 human patient. Outbreak A involved four animal species and four related premises over the period from 1992 to 1994. Outbreak B was traced to four premises from 1990 to 1994 and involved four elk, a bison, and a veterinarian who was diagnosed with M. bovis infection after he treated one of the elk. Outbreak C involved a large collection of exotic species comprising seven animal species and four premises from 1989 to 1992. Epidemiological information suggested there was nose-to-nose contact between elk and a Sika deer, elk and a Pere David deer, and the Pere David deer and cattle. A cougar on one property was fed carcasses of other animals on the premises and chickens from a neighboring farm. Deer from New Zealand were imported to one of the previously infected premises after it had been depopulated, cleaned, disinfected, and released from quarantine. The deer were skin test negative before and after arrival in quarantine. Outbreak D in 1991 involved cattle on one property and an elk from a neighboring national park.
DNA probes. PCR was used to amplify DNA from the right-hand side of the PvuII site in IS6110-R as described previously (31) , and the IS6110-R probe was used to determine the number of IS6110 copies in each isolate. RFLPs were determined for all isolates by using probes prepared from amplified DNA of IS6110-R and from the oligonucleotides from the DR (5Ј GTC GTC AGA CCC AAA ACC CCG AGA GGG GAC GGA AAC 3Ј) and PGRS (5Ј CCG CCG TTG CCG CCG TTG CCG CCG TTG CCG CCG 3Ј).
RFLP methods. Cells were grown and DNA was extracted as described previously (6, 31) . RFLP analyses with IS6110-R and DR were performed basically by the standard method recommended for the DNA fingerprinting of M. tuberculosis (31) , with the exception of the electrophoresis conditions and the probe labelling and detection methods. For RFLP analyses with IS6110-R and DR, electrophoresis was performed with 1 and 1.5% agarose gels, respectively, and gels were run in TAE (Tris, acetate, EDTA) buffer for 16 h at 45 V by using a refrigerated buffer recirculation pump at a constant temperature of 14°C. RFLP analysis with PGRS was performed as described previously (6) , with the exception that the gels were run longer (45 V for 28 h) in an attempt to achieve better discrimination between strains by spreading the bands that hybridize with PGRS over a greater distance. All probes were labelled by using the nonradioactive digoxigenin system (Boehringer Mannheim), and hybridization and detection of bound probe with a chemiluminescent substrate were performed as described by the manufacturer.
DNAs from M. tuberculosis Mt 14323 and M. bovis BCG 3 were run on all gels in positions 1 and 30 as external standards. To allow for computer-assisted analysis of the IS6110-R, DR, and PGRS fingerprints, an internal marker (with high-and low-molecular-mass standards) was added to the loading buffer with each sample as recommended by van Embden and colleagues (31, 33) for their standardized method for RFLP analysis with IS6110-R for the differentiation of M. tuberculosis isolates.
Spoligotyping. PCR of the DR locus was performed with extracted DNA (6, 31) or heat-treated cell suspensions, and the spoligotyping method was performed as described previously (1) .
Analysis of results. Analysis of the bands generated with the IS6110 and DR probes and the spoligotypes for the set of isolates tested was performed with the aid of a computer software program by using the Dice unweighted pair group method with arithmetic averages (UPGMA) (GelCompar, version 3.1; Applied Maths, Kortrijk, Belgium). The profiles obtained by RFLP analysis with the PGRS probe were analyzed by using the clustering correlation and UPGMA (GelCompar).
Type nomenclature. No standard nomenclature for the naming of different M. tuberculosis complex DNA types has yet been agreed upon internationally. For the purposes of this study, different numbers were allocated to isolates when a genetic difference could be detected. These different DNA types were given a prefix to show the probe used; IS for IS6110-R types, DR for DR types, SP for spoligotypes, and PG for PGRS types. In addition, isolates that were identified as unique strains were given an overall DNA type based on the composite results of the four different typing methods. Strains that had the most common IS6110-R, DR, and SP types (IS01, DR01, and SP01) and differed only in PGRS type were called type A and allocated the number of the PGRS type (e.g., A061 is IS01, DR01, SP01, and PG61). The prefixes B and C were given to isolates that had the most common IS6110-R and SP types (IS01 and SP01) with DR type 02 and DR type 04 patterns, respectively. For these isolates the number following the prefix was the number of the PGRS type. When strains had a common prefix, they were considered to be genetically more closely related to each other than to other strains that did not have the same prefix. Other strains were allocated a number only. Numbers were allocated as the isolates were analyzed and did not necessarily bear any relationship to specific patterns. For example, strains 001, 002, and 003 may not be any more closely related to each other than they may be to strain 023 or 091.
RESULTS
RFLP analysis with IS6110-R. Two hundred thirty-three (85.4%) of the 273 isolates of M. bovis examined in this study harbored a single copy of IS6110. Of the 233 isolates with a single copy of IS6110, 190 (81.5%) carried the IS on a 1.9-kb restriction fragment, and this IS type was designated IS01. This means that almost 70% of all M. bovis isolates could not be differentiated by RFLP analysis with IS6110-R. Furthermore, 194 (91.9%) of the 211 Australian isolates had a single copy of IS6110, and 158 (81.4%) of these were type IS01. Figure 1 shows the 23 representative patterns (types) obtained by RFLP analysis with IS6110-R in a dendrogram indicating the relationships between the types. The Canadian isolates contained one (n ϭ 15), two (n ϭ 9), three (n ϭ 5), or four (n ϭ 4) copies of IS6110, and overall, nine different strains were identified among the Canadian isolates. Different strains were implicated in each of the four outbreaks (Table 1) .
RFLP analysis with the DR probe. RFLP analysis with the DR probe identified 35 different types among the 273 M. bovis isolates. By RFLP analysis with DR, 141 (51.6%) of the isolates had a common fingerprint, designated DR01. Many of the Canadian and Iranian strains had DR patterns that appeared to be unique to the country of origin, and these were not identified among the Australian isolates. Figure 2 shows the 35 representative fingerprints obtained by RFLP analysis with the DR probe in a dendrogram showing the relationship between the types.
Spoligotyping. The spoligotyping method identified 35 different types among the 273 M. bovis isolates. One hundred fifty-three (56%) of the isolates had a common spoligotype (designated SP01) and therefore could not be differentiated by spoligotyping. Figure 3 shows the 35 representative spoligotypes in a dendrogram showing their relationships. With one exception (Iranian isolate IRN49), all of the isolates lacked the five spacers at the 3Ј end of the DR locus. When the Iranian isolate was reexamined biochemically, its identity was more consistent with M. tuberculosis.
RFLP analysis with the PGRS probe. Use of the PGRS probe differentiated the M. bovis isolates into the most types, with 77 different types being identified among the 273 M. bovis isolates. Eighty (29.3%) of the isolates, including 77 (36.5%) of the Australian isolates, were identified as being of a common type, designated PG01. All of the isolates identified as PG01 harbored a single copy of IS6110, and 50 of the PG01 isolates, including 47 of the Australian isolates, carried a single copy of IS6110 on the 1.9-kb restriction fragment (type IS01). Composite typing based on four genetic markers for M. bovis. When the results of the RFLP analyses with all three probes and the results of spoligotyping were considered, 99 different fingerprint combinations were identified among all of the M. bovis isolates. Forty-five (16.5%) of the isolates were of a common type, designated strain A001 (IS01, DR01, PG01, and SP01), and 42 (93.3%) of these originated from Australian animals (37 bovines, 1 buffalo, and 4 feral pigs).
Australian M. bovis isolates. Most (n ϭ 90) of the Australian isolates were type A strains, and they infected animals in all Australian states whose animals were tested and animals in the Northern Territory ( Table 2 ). Many of these types were confined to particular properties or properties that were geographically or historically related. In Western Australia, type A strains were commonly found in cattle from all geographic regions (all 11 agricultural area properties, 10 of 13 northern pastoral properties, 12 of 15 West Kimberley properties, 5 of 6 East Kimberley properties, and both properties tested in the Broome area). Strain A001 was a relatively common cause of infection in Western Australia (14 of 47 properties), Queensland (8 of 18 properties), and the Northern Territory (9 of 25 properties). In Western Australia, strain A001 was found most commonly in cattle on properties in the agricultural (seven properties, including one outbreak involving five properties) and East Kimberley (four of five properties) areas. In one outbreak of tuberculosis in the agricultural area of Western Australia in 1989, M. bovis was isolated from 30 cattle and one goat from one property, and after tracing animal movements, a further four properties with infected animals and 55 infected cattle were detected. Representative isolates from animals on the five properties (10 bovine and 1 goat) were tested, and all of the bovine isolates were strain A001. The goat isolate was a different strain (A041) as a result of a unique type by RFLP analysis with PGRS (PG41); this type differed from type PG01 in one band in the high-molecular-mass region of the fingerprint (Fig. 4) .
Canadian M. bovis isolates. Outbreaks A and B involved multicopy IS6110 strains that had common bands (outbreak A, two common bands; outbreak B, three common bands), but single band changes were detected after infection in a yak (outbreak A) and a bison (outbreak B) ( Fig. 1; Table 1 ). On the original premises in outbreak A, isolates from two elands obtained in 1992 and 1993 were identified as strain 052, whereas an elk, two cattle, and two bison were infected with strain 070 and the yak was infected with strain 071. Isolates from another four bison from three premises were also strain 070. In outbreak B, all isolates from four elk and a bison had identical DR, SP, and PG types, but differences were detected in the number of IS6110 copies and the banding patterns, despite three shared IS6110-R fragments. Two different types by RFLP analysis with IS6110-R, IS36 and IS16 (strains 073 and 068), were identified in four infected elk, and a third type by RFLP analysis with IS6110-R, IS37 (strain 074), was identified in an infected bison. Strain 068, isolated from the veterinarian, was different from the strain isolated from the elk that he treated (strain 073), but it was isolated from another elk that had been in contact with the elk that he treated. All animals involved in outbreak C, including the deer imported from New Zealand, were infected with the same strain of M. bovis, identified as strain 053. The cougar was infected with M. bovis and Mycobacterium avium. In outbreak D, the strain infecting cattle on one property (strain 076) had DR, PG, and SP types different from those of the strain isolated from an elk (strain 077) from the national park on the border of the premises from which strain 076 was isolated, suggesting that infection had originated from different sources.
Effectiveness of GelCompar in the analysis of genetic types. GelCompar was a very effective means of analyzing the different fingerprints obtained by the RFLP analyses with IS6110-R and DR and by the spoligotyping method. However, in analyzing the fingerprints obtained by RFLP analysis with PGRS, which were much more complex because of the number of bands that hybridized with the PGRS probe, the program was less effective. Because of this, all isolates that had similar patterns by RFLP analysis with PGRS had to be checked manually.
DISCUSSION
The M. bovis isolates examined in this study could be characterized to various degrees by up to four genotyping procedures. Each of the procedures was able to differentiate strains of M. bovis and could be used for epidemiological studies of M. bovis isolates from animals. However, the combined use of the four procedures resulted in superior differentiation of strains for a detailed epidemiological investigation. The finding of a genetic difference between two strains by the use of any particular marker would imply infection with different strains, presumably originating from different sources. Confidence in this assumption would be increased if more than one typing system detected a difference, since three of the genetic markers detect changes or mutations within different parts of the genome. One example of this was a case in which strain 008 (IS42, DR44, PG59, and SP01) was identified from an animal in 1984 and strain 009 (IS32, DR52, PG46, and SP01) was isolated from animals on the same property in 1991. Apart from the spoligotyping method, each of the markers identified a difference between the two isolates, suggesting that they were not closely related genetically and that infection was introduced from different sources. It must be remembered, however, that some genetic change or drift must occur to account for the development of different strains, and one method might identify an initial change earlier than another technique. The DNA polymorphism driven by insertion elements, such as IS6110, is due to their inherent capacity to move about the genome with little target specificity. Studies on the nature of genetic rearrangements within the DR region suggested that homologous recombination between the small DRs was the predominant kind of rearrangement for this repetitive element (11) , and it seems likely that the same mechanism may contribute to polymorphisms with PGRS (35). Certainly, there was evidence of stability with each of the markers used in this study, providing confidence in the ability of these techniques to provide useful information for epidemiological studies. In several cases in Western Australia, where isolates from cattle from the same property were available for study over periods of up to 7 years, studies with each of the markers gave consistent results. Just how frequently a strain of M. bovis will alter its genetic makeup and how often these differences will be detectable are unknown. The fact that the PGRS probe detected the greatest number of types is best explained by the fact that these repetitive elements are found at various locations around the genome of M. bovis, whereas the DR probe and the spacers used in spoligotyping target the same region. RFLP analysis with the DR probe targets the DRs around the point of the IS6110 insertion (13) , and spoligotyping identifies the presence or absence of specific spacers between the DRs (11) .
In strains with a single copy of IS6110, the IS is inserted between two DRs and has been found to transpose relatively infrequently (13) . In this study, 85.4% of the M. bovis isolates examined had a single copy of IS6110, and the percentage of Australian isolates that had a single copy was slightly higher (91.9%). In addition, the majority of these single-copy strains carried the IS on the 1.9-kb fragment considered characteristic for M. bovis isolates from cattle (32), thereby minimizing the effectiveness of IS6110-R for use in the characterization of M. bovis in this study. These results are consistent with the results of RFLP analysis with IS6110 for isolates of M. bovis from New Zealand (3) and bovine and human isolates of M. bovis from Argentina (32) . In a study which examined Argentinian isolates (32), it was suggested that strains with multiple copies of IS6110 were more likely to have originated from wild or zoo animals other than cattle or from humans from The Netherlands. Six to eight copies of IS6110 were present in all 23 goat strains examined in Spain, yet 16 of 17 cattle were infected with strains with a single copy of IS6110 (12) , suggesting that different reservoirs for caprine and bovine tuberculosis existed in Spain. A more comprehensive study involving 129 isolates of M. bovis from cattle, goats, cats, and a sheep in Spain demonstrated that almost 50% of the bovine strains examined harbored multiple IS6110 copies, but found that bovine and caprine isolates still clustered separately (15) . The results of those studies and the results reported in this paper indicate that different countries or animal hosts may harbor unique clonal populations of M. bovis. The Canadian isolates examined in this study were quite distinct from the Australian M. bovis isolates that were examined. Many of the Canadian isolates had multiple copies of IS6110 (outbreaks A and B), and their DR, PG, and SP patterns were also different from those commonly found in Australian strains. RFLP analysis with IS6110 is considered to be a sensitive method for the detection of genetic changes in isolates of M. tuberculosis or M. bovis that have multiple copies of this IS (5, 32, 33) . This was well demonstrated in isolates from Canadian outbreaks A and B in which genetic change was evident in the slight rearrangement of IS6110 fragments, without alteration in the patterns obtained by RFLP analysis with the PGRS and DR probes. In outbreaks A and B, two and three common IS6110 bands were present, respectively, and single band changes were detected after infection in a yak (outbreak A) and a bison (outbreak B). The rate of transposition of the IS element is considered to be a factor of time (35) ; however, there was some evidence from the fingerprints for the Canadian isolates obtained by RFLP analysis with IS6110-R suggesting that the M. bovis strains may have altered in different hosts during the course of the infection in outbreaks A and B. Similar band changes were identified in an outbreak of M. bovis in Swedish deer (29) and in cattle in Burundi (23) . It is not known whether the isolation of strains, from different animal species, with minor differences in profiles by RFLP analysis with IS6110 (insertions or deletions), such as those seen in outbreaks A and B, was related to host factors or represented natural evolution of the bacterium over time. In contrast, isolates recovered from two elands in outbreak A were clearly different from those recovered from other animals in 1993 and 1994 by each of the fingerprinting methods used, suggesting a clear genetic difference in the strain infecting the two elands and confirming an alternate source of infection for these animals.
PGRS was by far the best single genetic marker for RFLP analysis with which to characterize the majority of the M. bovis isolates encountered in Australia and, with the exception of isolates from Canada, the M. bovis isolates from other countries examined in this study. In fact, RFLP analysis with PGRS identified twice as many types as RFLP analysis with DR and spoligotyping and more than three times as many types as RFLP analysis with IS6110-R. This is consistent with previous findings (6) but differs from those of a study in Northern Ireland in which the results of RFLP analyses with PGRS and IS6110 were found to be virtually equivalent (27) . Skuce et al. (27) used the entire IS6110 probe, which is known to identify slightly more polymorphisms than the RHS IS6110 probe used in this study. In a direct comparison of LHS and RHS IS6110 probes, the LHS probe was able to identify three different types among a group of 15 isolates that were a common IS6110 type (single band at 1.9 kb) (15) . The digests used for our studies were run longer than those of Skuce et al. (27) and those reported previously (6) in an attempt to improve the resolution of bands. In addition, we included RFLP bands of Ͼ1.3 kb in the analysis. In Northern Ireland, more than 40% of 109 isolates were identified as having a common pattern by using a combination of PGRS, IS6110, and IS1081 probes, and almost 50% of the isolates had a common pattern when the PGRS probe was used (27) . By comparison, 29.3% of the isolates were identified in this study as a common type by RFLP analysis with PGRS, PG01, and 36.5% of Australian isolates were identified as PG01. The use of other genetic markers resulted in further characterization of 45% of these isolates with the common PG01 type, so that 19.9% of Australian isolates were identified as the most common strain, designated A001. In a more recent study in Northern Ireland (28), bands greater than 2.26 kb were included in the analysis, but the sensitivity of RFLP analysis with PGRS was not markedly improved. Additional studies may determine whether the common strain found in Northern Ireland can be further differentiated and whether it is the same as any of the more common strains found in Australia. The finding of a common strain distributed throughout Australia suggests that animals on many properties were infected from the same source. This may have occurred over time as infected cattle moved from one area to another throughout the country and spread infection caused by a single clone. It is generally accepted that bovine tuberculosis was introduced into Australia with the introduction of infected cattle during the early settlement period (26) . The number of introductions would have been limited, and this may account for some of the genetic similarity of strains seen in Australia. The finding of a further 22.7% of isolates with common IS, DR, and SP types but different PG types (type A strains other than type A001) suggests the clonal expansion of strain A001. The question of host influence versus genetic drift over time was also raised with the finding of type A041 in a single goat in a mixed cattle and goat herd in Western Australia in which cattle were infected with strain A001. Four other cattle herds that were epidemiologically linked to this herd were also infected with strain A001. The goats on the affected property were in poor condition and were considered to be highly stressed because of the excessively high stocking rate. It is possible that the host response to infection in this goat may have caused the genetic makeup of the organism to alter.
RFLP analysis with the DR probe produced results similar to those obtained by the spoligotyping method, a finding that is not surprising, considering that both target the same chromosomal locus. In one previous small-scale comparison of IS01 isolates, analysis with PGRS allowed for a somewhat better differentiation than analysis with DR (32), but another study suggested that the results of analyses with the two markers were equivalent (12) .
The advantages of spoligotyping lie in the speed and low cost of the technique and in the ease of analysis. The spoligotyping method was originally designed for epidemiological studies of M. tuberculosis, and as such, 37 of the 43 spacers presently used on the membranes originate from M. tuberculosis H37Rv and 6 spacers were derived from M. bovis BCG (11) . Better discrimination of M. bovis strains may be achieved by this technique in the future by the identification and use of spacer sequences that are specific for M. bovis strains. The spoligotyping technique has the added advantage that it can be used directly with isolates and tissue specimens for the rapid screening of M. bovis isolates. It would appear to be sensible to further characterize isolates with common spoligotypes at least with the PGRS probe. RFLP analyses with IS6110-R and DR could be used if full characterization was needed. The lack of the five spacers at the 3Ј end of the DR locus detected by spoligotyping is considered to be consistent with M. bovis (14) . All but 1 of the 273 isolates of M. bovis tested in this study lacked these spacers. The one isolate (IRN49) that was found to contain four of the five 3Ј end spacers was biochemically more consistent with M. tuberculosis, and use of each of the probe methods produced an unusual pattern for M. bovis. These findings confirmed the lack of the 3Ј DR spacers as being consistent with the identification of M. bovis isolates.
Spread of infection with M. bovis between animals is generally considered to be via aerosols, although ingestion of infectious materials is also accepted as a route of transmission (20, 22) . Contact with infected nasal mucus was identified as an important source of infection in a series of studies with naturally and experimentally infected cattle in Northern Ireland (17) (18) (19) . In the present study, DNA fingerprinting results for isolates from Canadian outbreak C were able to support the proposal that nose-to-nose contact between elk and deer and between deer and cattle on opposite sides of a fence had spread the infection. In addition, DNA fingerprinting provided confirmatory evidence that a cougar on one property had become infected with M. bovis and M. avium after being fed tuberculosis-affected carcasses of other animals on the premises and chickens from a neighboring farm, respectively.
Although early studies suggested that M. bovis could survive in cow feces for between 2 and 5 months, depending on the season, and in soil for 2 years, more recent evidence suggests that survival in soil or feces exposed to natural conditions of sunlight is limited (36) . Under Australian conditions, M. bovis survived for 4 weeks in soil in 80% shade or more, but no isolation from dry or moist soils exposed to sunlight or from feces held in any conditions was made at 4 weeks (9). In Australia, when infected properties are destocked, the owner is advised to wait a minimum of 30 days before restocking. This precaution is taken to minimize the risk of reinfection when new stock are brought in. In the case of outbreak C in Canada, one property that had undergone cleaning and disinfection and that had been released from quarantine was restocked with deer from New Zealand that were skin test negative. The finding in three imported New Zealand deer of a strain of M. bovis identical to the strain previously identified on the property confirmed infection with the same strain in the imported animals. It is possible that the M. bovis organisms on the property remained infectious, despite thorough decontamination procedures. Another possible explanation is that the New Zealand animals, which had passed pre-and postquarantine testing and isolation, were infected, coincidentally, with an identical strain before they arrived at the premises. Alternatively, a worker in contact with both groups of animals may have acted as a vector in passing on infection to the newly arrived animals. Typing of strains from the herd or region of origin in New Zealand may assist in clarifying this situation.
It was expected that some similarities would be found between isolates from Australia and those from the United Kingdom and the Republic of Ireland since M. bovis was believed to have been originally imported with infected cattle from these countries. In fact, only a few similarities were seen between some of the Australian strains and a small number of isolates from Ireland and one isolate from Iran. This similarity was seen by the identification of some type A strains from Ireland, suggesting a common clonal origin for these strains in Australia and Ireland. The majority of isolates from other countries appeared to be unique. Certainly, the isolates from Canada were clearly different from the "Australian" strains, and this is consistent with observations that geographically distinct strains exist in The Netherlands and Argentina (32) , regions where clones of organisms may have spread within countries with little opportunity for genetic exchange. The finding of geographically distinct populations of M. bovis may be useful for confirming the source of infection in any imported animals that are subsequently diagnosed with bovine tuberculosis.
